This study examined P. L. Ackerman's (1988) model of skill acquisition within an applied setting. Differences were examined between jobs on the basis of task consistency: changes in performance variability across experience, learning curves, and stability of ability-performance correlations across experience. Results showed the degree of task consistency influenced the shape of learning curves, with jobs composed of primarily consistent tasks improving more rapidly and reaching asymptote sooner. In addition, trends in ability-performance correlations were moderated by the degree of task consistency within a job. Specifically, for jobs with primarily consistent tasks, general cognitive ability best predicted early performance whereas psychomotor ability best predicted later performance. In contrast, general cognitive ability was the strongest predictor across experience for jobs with primarily inconsistent tasks.
Applied psychology has paid considerable attention to investigating whether validity coefficients remain stable or fluctuate over time (Ackerman, 1988; Fleishman & Mumford, 1989a , 1989b Hulin, Henry, & Noon, 1990; Murphy, 1989) . If validity coefficients are unstable, then a number of concerns arise. How can theorists explain the relationship between abilities and skilled performance? Of what use are ability tests in selecting employees if they do not accurately reflect future performance on the job?
A number of theories have been developed to explain the relationship between abilities and performance during skill acquisition (e.g., Ackerman, 1988; Fleishman & Mumford, 1989a , 1989b Hulin et al., 1990) . However, only Ackerman's (1988) model of skill acquisition seems capable of reconciling conflicting results that have shown that validity coefficients can both remain stable and decline with practice. Specifically, when the particular ability measured by a test is considered in conjunction with the unique information processing demands of a task, validity coefficients will change in predictable ways across experience (cf. Ackerman, 1988) .
Although support for Ackerman's (1988) theory has been shown within experimental studies, little research has examined Ackerman's theory within actual jobs. The purpose of the current research was to examine the various issues surrounding the prediction of performance during skill acquisition using Ackerman's model within an applied setting. The abilities, jobs, and performance that were examined were taken from the General Aptitude Test Battery (GATB) database compiled by the U.S. Employment Service (cf. U.S. Department of Labor, 1980) during the 1970s.
In the following section, the major tenets of Ackerman's (1988) theory of skill acquisition are discussed. In addition, both labora- Correspondence concerning this article should be addressed to James N. Farrell, 2565 Pinebrook Trail, Cuyahoga Falls, Ohio 44223. Electronic mail may be sent to jnfphd@aol.com. tory and applied research is presented as preliminary support for Ackerman's model. Finally, hypotheses concerning variability in performance, learning curves, and the relationship between abilities and performance are articulated.
Ackerman's (1988) Model
Drawing on previous work in skill acquisition (e.g., Anderson, 1983) and automaticity (e.g., , Ackerman (1986 Ackerman ( , 1988 proposed a theory of skill acquisition that attempted to explain how task performance can become automatic through practice. A primary prediction made by Ackerman's (1988) theory is that the relationship between abilities (i.e., general cognitive, perceptual speed, and psychomotor) and performance changed as task performance becomes increasingly automatic with practice, an assertion similar to the reorganization of abilities proposed by Woodrow (1946) .
In contrast to Hulin's (1987, 1989) assertion that validities will uniformly decrease during skill acquisition, Ackerman (1988) predicted that the linearity and directionality of abilityperformance correlations would depend on the particular ability correlated with task performance. The following is a discussion of the central elements of Ackerman's theory: automaticity, phases of skill acquisition, the use of abilities to predict performance during skill acquisition, moderators of trends in validity coefficients, and learning curves. Ackerman's (1988) theory is based, in part, on Schneider and Shiffrin's (1977) observation that under certain conditions task performance switches from being slow and effortful to being fast and effortless (i.e., automatic; James, 1890) . In attempting to explain this transition, Schneider and Shiffrin (1977) noted that the transition from initial learning to skilled performance involved a qualitative shift in information processing. More specifically, it was asserted that the acquisition of skill involved a shift from controlled processing to automatic processing (Posner & Snyder, 1974; .
Automaticity and Learning
According to Schneider and Shiffrin (1977) , controlled processing results in slow, effortful, and error prone performance; consumes a great deal of attentional resources; and is under conscious control. In regard to skill acquisition, controlled processing occurs when an individual first learns a task or when a task cannot be automatized.
In contrast to controlled processing, automatic processing occurs without intention, is outside of conscious awareness, and consumes few cognitive resources (Posner & Snyder, 1974) . Zacks (1979, 1984) noted that automatic processes may reflect innate capacities (e.g., frequency counting) or may be the result of extended practice. Of particular interest to Ackerman's (1988) theory is that under certain circumstances (e.g., consistent rules, stimuli, and sequences of actions) practice can result in a transition from controlled to automatic processing (Laberge & Samuels, 1974; . For example, when people are young, early attempts to walk are time consuming and involve a large number of errors. However, after years of practice, the average person can walk with relatively little effort.
Phases of Skill Acquisition
Ackerman (1988) noted that previous theory and research supported the idea that as tasks are automatized skill acquisition proceeds through three distinct phases (e.g., Anderson, 1982 Anderson, , 1983 Fitts & Posner, 1967; . Phase 1 of skill acquisition corresponds to Anderson's (1983) declarative phase. During this phase, the person's attention is focused on learning instructions and developing strategies for the task. If the material is new, there is a strong demand on attentional resources. Performance at this stage tends to be slow and error prone as the person learns new stimulus-response sequences (i.e., productions; Anderson, 1983) . Performance at the declarative phase depends on both general cognitive ability and broad content abilities (e.g., spatial, verbal). However, as skill acquisition proceeds to Phase 2 and on into Phase 3, the need for general cognitive ability declines.
Phase 2 corresponds to Anderson's (1983) knowledge compilation phase, which occurs after a moderate level of task practice. During this phase, individual productions are integrated into sequences of action. With increased practice, performance becomes quicker and more accurate. Furthermore, because the productions are becoming increasingly automatic, there is less demand on attentional resources. During the knowledge compilation phase, demands are placed on an individual's perceptual speed ability. This demand on perceptual speed increases during Phase 1, peaks during Phase 2, and declines during the latter part of Phase 2 on into Phase 3. Anderson (1983) termed the final phase of skill acquisition the procedural phase. At this stage of skill acquisition, productions are fully integrated allowing for entire sequences of action to be performed as a single production. In addition, performance at this stage is fast, accurate, and relatively automatic. Because performance is automatic, task performance requires only a slight demand on attentional resources. During the procedural stage, psychomotor abilities play a more important role in task performance than perceptual speed or general cognitive ability.
Predicting Performance With Abilities
As noted by Ackerman (1988) , each phase of skill acquisition differs in the underlying ability that makes the greatest contribution to successful performance. Consequently, if Ackerman's (1988) assumptions are correct, the particular ability that best predicts performance on consistent jobs will change over the course of skill acquisition (see Figure 1) . During the first phase, measures of general cognitive ability and general content abilities (e.g., spatial and verbal) will be the best predictors. However, as experience with a task increases, the predictive validity of general cognitive ability will decrease and perceptual speed will be the best predictor of performance. Finally, during the last phase of skill acquisition, the association between perceptual speed and performance will decrease and psychomotor ability will be the best predictor.
Moderators: Consistency and Complexity
Considerable debate has erupted concerning the stability of validity coefficients over time, with some researchers arguing that they uniformally decrease (e.g., Hulin et al., 1990 ) and other researchers arguing that they remain constant when artifacts are considered (e.g., Barrett, Caldwell, & Alexander, 1985) . Empirical work has produced mixed results, which only fanned the embers of the "dynamic criteria" debate (cf. Barrett, Caldwell, & Alexander, 1989) . However, recent theoretical and empirical work (e.g., Ackerman, 1986 Ackerman, , 1987 suggests that validity coefficients may either remain stable or change in predictable ways providing that moderators, such as task consistency and complexity, are taken into account (cf. Ackerman, 1988) .
As mentioned previously, tasks that provide consistent rules, stimuli, and sequences of action can be automatized, thus reducing attentional demands. Schneider and Shiffrin (1977) regard these tasks as having conditions that provide "consistent mapping." In contrast, tasks that provide irregular rules, elements, and sequences of action allow for "variable mapping." Under variable mapping conditions, skills cannot be automatized, which results in a constant reliance on controlled processing. The constant use of controlled processing, in turn, results in a continuous demand on attentional resources. Ackerman (1988) noted that skill acquisition on an inconsistent task does not proceed through the same qualitative shifts as a consistent task. Instead, the transition to Phases 2 and 3 are either slowed or prevented altogether. Furthermore, because skill acquisition remains at Phase 1, demands on cognitive resources will be high. This reliance on attentional resources results in task performance being strongly and consistently related to general and task-relevant broad content abilities (i.e., spatial, verbal). Perceptual speed and psychomotor ability will not show the same pattern of relationships as they do on consistent tasks. Instead, perceptual speed and psychomotor ability will show moderate-to-small stable correlations with task performance (see Figure 2 ).
In addition to task consistency, task complexity is an important moderator that impacts the skill acquisition process..According to Ackerman (1987) , task complexity can involve many elements, including the amount of information provided to the learner, memory load, and sheer number of subtasks. Furthermore, task complexity can impact the attentional demands of a task, the accuracy of performance, and the time to complete a trial (i.e., more time for complex tasks). Ackerman (1988) noted that one of the difficulties in studying more realistic tasks is that skill acquisition occurs over a longer period of time, making observation more involved. Although not explicitly stated, Ackerman seemed to imply that the increase in task complexity, from laboratory to real-world tasks, will cause the pattern of ability-performance correlations to emerge at a slower rate. In regard to the current study, the pattern of ability-performance correlations found in real-world jobs are likely to emerge over a period of years.
Learning Curves
In addition to incorporating previous theory and research involving ability-performance relationships and cognitive processing, Ackerman (1987) also integrated work done in the area of learning curves (e.g., Thorndike, 1908) and variability in performance across time (cf. Ackerman, 1987 ). Ackerman's particular contribution in these areas has been to consider learning curves and variability of performance over time in light of recent devel- opments in cognitive psychology (e.g., task consistency; .
As a result of differences in task consistency, Ackerman, (1986 Ackerman, ( , 1988 proposed that differences could be found in corresponding rates of learning (see Figure 3 ). For both consistent and inconsistent tasks, there will be an abrupt increase in performance during the initial part of the task. However, with repeated practice, consistent tasks will show rapid improvement until the limits of psychomotor ability are reached. Performance on inconsistent tasks, in contrast, will not improve as rapidly across skill acquisition. Instead, performance stabilizes early, after which performance on the inconsistent task changes less rapidly, as compared to a consistent task (see Figure 3 ; Ackerman, 1986) .
In addition to predictions concerning the shape of the experience-performance curves, Ackerman (1987) noted that changes in variability could be examined. However, the extent to which interindividual difference in variability converge or diverge is a thorny issue that is previously addressed in the skill acquisition literature (cf. Anastasi, 1934) . Ackerman (1987) noted that a primary point of concern was the use of both reaction time metrics and attainment metrics in learning research. At issue was the fact that although each metric (i.e., reaction time, attainment) was an inverse of the other, an inverse transformation performed on either metric would not preserve interval level measurement, making comparisons problematic. Furthermore, Ackerman (1987) demonstrated the seemingly paradoxical finding that when a decrease in reaction time (RT) variability is observed, a concomitant increase in attainment variability results.
Although Anastasi (1934) suggested that attainment measures were theoretically more justifiable than time measures, Ackerman (1987) argued that because the focus of his research was primarily cognitive in nature, an examination of variability using the RT metric was more appropriate, as it allowed for a microlevel analysis of task characteristics. The use of attainment measures, in contrast, was probably more viable in practical situations (e.g., industrial settings). Ackerman's (1987) resulting analysis of Kincaid's (1925) data corroborated Kincaid's finding that individual differences converge with practice. Ackerman (1987) cautioned that the convergence of variability was likely due to the consistent nature of the tasks in question. For tasks that are not consistent, variability is likely to remain constant or to increase with time.
Laboratory Evidence
Results of Ackerman's (1988) laboratory research provided support for the major tenets of his theory. Specifically, the proposed changes in ability-performance correlations for consistent tasks (see Figure 1 ) has been demonstrated repeatedly (e.g., Ackerman, 1988) . Inconsistent tasks, however, have not shown this pattern.
Ackerman's research involving fairly simple laboratory tasks (e.g., Ackerman, 1988) provided compelling evidence that the relationship between abilities and performance could change with practice. However, some researchers have questioned the generalizability of Ackerman's early work arguing that the tasks used had short time frames (e.g., 5 min) and bore little resemblance to real-world tasks (e.g., Barrett et al., 1989) . To extend research results to tasks that approximated actual jobs, recent studies have examined the tenets of Ackerman's (1988) traffic controller simulations that had both consistent (e.g., Kanfer & Ackerman, 1989) and inconsistent (e.g., Ackerman, 1992) characteristics. Kanfer and Ackerman (1989) investigated ability performance relations for a complex-consistent air traffic controller (ATC) simulation. The ATC is a computer-based simulation that involves assigning runways at a simulated airport. Participants were given 5 hr of practice and were rated on a number of dependent variables, such as number of planes landed and number of errors. Consistent with previous findings for consistent tasks (e.g., Ackerman, 1988) , the relationship between abilities and performance changed over the course of skill acquisition. General cognitive ability showed the highest correlation with initial performance, perceptual speed showed the highest correlation with intermediate performance, and psychomotor showed the highest correlation with final performance.
Attempting to extend previous findings to an inconsistent simulation, Ackerman (1992) used the Terminal Radar Approach Control Simulation (TRACON) in assessing ability-performance relations. Participants were given 15 hr of practice and were assessed on overall performance as well as on variables such as number of flights accepted, number of arrivals/departures, and number of errors. Results demonstrated that overall performance was consistently associated with general and broad content abilities (i.e., spatial), whereas perceptual and psychomotor abilities showed stable but lower correlations with performance over the course of practice. Although results supported predictions for inconsistent tasks (cf. Ackerman, 1988) , Ackerman (1992) noted that consistent task components did produce changes in abilityperformance relations shown previously (e.g., Kanfer & Ackerman, 1989 ).
Research in Industrial Settings
To date, there has been no applied study that directly tested all aspects of Ackerman's (1988) theory. However, numerous studies have been conducted that either directly or indirectly tested parts of the theory. In general, this literature has been supportive of the principles of skill acquisition proposed by Ackerman (1988) .
Learning Curves
Although the shape of the learning curve has been well documented, applied research has contributed to learning research by examining learning curves over a wide variety of jobs and extended periods of time (e.g., McDaniel, 1986) and by examining the impact of moderators on experience curves (Schmidt, Hunter, Outerbridge, & Goff, 1988) .
Ability and experience curves. McDaniel (1986) examined the shape of experience-performance curves over a 20-year period using a cross-sectional design. Of particular interest, McDaniel (1986) examined the moderating influence of various levels of ability on the shape of learning curves. Using the GATE database, a wide selection of employees were subdivided into three groups according to level of general cognitive ability, and then differences in learning curves were examined. In contrast to Thorndike's (1908 Thorndike's ( , 1914 finding that individual differences diverge with experience, McDaniel (1986) found that differences between the three ability groups remained constant, a finding that may have resulted from using supervisor ratings as opposed to output as a measure of job performance (e.g., Thorndike, 1908) .
Additional research corroborated the findings of McDaniel (1986) using a military sample and the Armed Forces Qualification Test (AFQT; Schmidt et al., 1988) . Schmidt et al. (1988) tested three hypotheses concerning the impact of individual differences on the relationship between experience and performance (i.e., supervisor ratings) over time: convergence hypothesis, divergence hypothesis, and noninteractive hypothesis. Consistent with the results of McDaniel (1986), Schmidt et al. (1988) found that differences in experience-performance curves for various levels of ability did not change appreciably over time. Consequently, Schmidt et al. (1988) concluded that their results supported a noninteractive hypothesis of learning curves for groups differing in levels of ability.
Complexity and learning curves. Several studies concerning the impact of levels of complexity on learning curves have emerged out of a line of research that examined moderators of the age-performance relationship (e.g., McEvoy & Cascio, 1989; Waldman & Avolio, 1986) . Specifically, the work of these researchers examined whether job type moderated the relationship between age and performance. Results from these studies provided mixed evidence, with Waldman and Avolio (1986) finding a moderating effect for job type whereas McEvoy and Cascio (1989) finding no such moderating effect.
In addition to an examination of moderators of the age-performance relationship, this line of research has examined the impact of moderators on the experience-performance relationship (e.g., Avolio, Waldman, & McDaniel, 1990) , as experience tends to be a stronger predictor of performance than age (Giniger, Dispenzieri, & Eisenberg, 1983; McDaniel, Schmidt, & Hunter, 1988; Schwab & Heneman, 1977) . The focus of this research was to uncover differences in plateauing effects of experience-performance curves for jobs differing in levels of complexity.
Using a cross-sectional design, Avolio et al. (1990) examined experience-performance curves for a variety of jobs (i.e., clerical, craft, and service) over a 20-year period. Although the usual learning curve was observed for most jobs (i.e., negatively accelerated, monotonically increasing), an inverse U curve was observed for lower clerical jobs. Avolio et al. (1990) concluded that the lower complexity of the lower clerical jobs may have resulted in reduced challenge and motivation and, consequently, performance. Another possibility is that over time higher ability participants move to higher level positions, resulting in lower performance ratings due to the lower ability individuals that remain behind.
Ability-Performance Correlations
Recent research has not seen a direct use of Ackerman's (1988) theory in an industrial setting. However, Ackerman and Kanfer (1993) have cross-validated the ATC task used in Ackerman's previous work (e.g., Ackerman, 1992) on a sample of Federal Aviation Administration (FAA) ATC trainees. Consistent with his theory (Ackerman, 1988) , Ackerman found that due to the inconsistent nature of the ATC task, broad and general content abilities were most predictive. However, because Ackerman and Kanfer's (1993) work was the initial part of a long-term study, ability-performance correlations were not reported across time.
Other research has examined differences in validity coefficients using a longitudinal design, but either the variables assessed were not relevant to the current paper or patterns of correlations simply were not reported (e.g., Bray & Howard, 1983; Kaufman, 1972 Kaufman, , 1974 . For example, Kaufman (1972 Kaufman ( , 1974 examined the impact of early job knowledge (i.e., engineering knowledge) and job challenge on later currency (i.e., patents) and job performance. Although it was found that early challenge was related to later performance and that early job knowledge was related to currency, no attempt was made to examine the relationship between a battery of cognitive tests and job performance.
In contrast to the work conducted by Kaufman (1972 Kaufman ( , 1974 , Bray and Howard (1983) conducted a longitudinal study for AT&T that examined the relationship between performance of managers in an assessment center and later job success. As part of the assessment center, a host of individual difference variables were measured including cognitive ability (i.e., School and College Abilities Test or SCAT), personality, motivation, and performance on business simulations. Although patterns of correlations were not reported, Bray and Howard (1983) did find that scores on the SCAT were the best predictor of managerial success, a finding consistent with the work of Ghiselli (1973) .
Additional work in the area of industrial/organizational psychology has examined ability-performance correlations using crosssectional designs (e.g., Schmidt et al., 1988) . For example, Pearlman, used validity generalization procedures (cf. Hunter, Schmidt, & Jackson, 1982) to examine the relationship between abilities and both training and job performance (i.e., supervisor ratings). In addition to finding that the relationship between training and job criteria was greater than previously believed, a finding perhaps attributable to the use of corrections for artifacts, Pearlman et al. (1980) found a pattern of ability-performance correlations similar to those reported by Ghiselli (1966 Ghiselli ( ,1973 : General cognitive was the best predictor of both training and job performance, but the difference between validities involving general cognitive ability and perceptual ability were reduced from training to job performance.
Research by McDaniel (1986) has examined the stability of ability-performance relationships using the GATE database. Using general cognitive ability as a predictor and supervisor ratings as criteria, McDaniel (1986) showed that ability-performance correlations for a variety of jobs declined over the first 10 years of experience. However, later work by Schmidt et al. (1988) using a military sample and the AFQT found that, for the first 5 years at least, general cognitive ability remained a stable predictor of job performance.
The work of Schmidt and colleagues (e.g., McDaniel, 1986) has demonstrated that when validity coefficients are examined over an extended period of time (e.g., 10 years) validities can decline. However, the focus of this research has been on general cognitive ability as a predictor, perhaps due to the assertion by these researchers that general cognitive ability is presumed to be the most valid predictor for all jobs (cf. Hunter & Hunter, 1984) .
Consistency as a Moderator
Although consistency per se has not been examined within industrial settings, consistency may have been studied under the guise of job complexity (e.g., Hunter, 1983a) . The fact that research variables have not been specifically termed "task consistency" or "resource dependence" (cf. Ackerman, 1988; Anderson, 1983) is undoubtedly due to the liberal definitions of task complexity that have surfaced in the skill acquisition literature (cf. Snow & Lohman, 1984) . Of the four definitions examined by Snow and Lohman (1984) , the fourth definition involves processes that organize, adapt, and monitor sequences of responses that are arranged into a performance program for responding to a task or test. This description of complexity is consistent with definitions of information-processing requirements related to a task's consistency or resource dependence (cf. Ackerman, 1988; Anderson, 1983) . Therefore, research that defines task complexity according to Snow and Lohman (1984) is arguably measuring task consistency.
Research within industrial settings has used task complexity to examine a number of issues. McDaniel et al. (1988) examined the moderating effect of complexity on experience-performance correlations, finding that experience is a better predictor for low complexity jobs. Other research has attempted to relate mental requirements of jobs (e.g., complexity) to motivational attributes of jobs, arguing that mentally challenging (e.g., complex) jobs may be more motivational in the long term (cf. Campion, 1989) . Of importance to the current paper is research that has specifically measured the moderating impact that job complexity has on test validities involving abilities (i.e., general cognitive, perceptual speed, and psychomotor) and job performance (e.g., supervisor ratings). Schmidt, Hunter, and Pearlman (1981) examined the moderating effect of the Dictionary of Occupational Titles (DOT; U.S. Department of Labor, 1977) classification on test validities involving abilities (i.e., general cognitive and perceptual speed) and supervisor ratings. Results indicated that the moderating effect of job classification was small or nonexistent, resulting in the conclusion that gross job classification did not moderate test validities. However, Schmidt et al. (1981) did note that the lack of moderating effect for job classification may have been due to its general nature and that more specific measures, which address the information-processing and problem-solving requirements of jobs, might prove more useful as moderators.
More recent studies have examined the moderating effect of more specific measures of job complexity (e.g., Gutenberg, Arvey, Osbum, & Jeanneret, 1983; Hunter, 1983a) . Using the Position Analysis Questionnaire (PAQ; McCormick, Jeanneret, & Mecham, 1972) , Gutenberg et al. (1983) were able to demonstrate that the unique information-processing requirement of a job moderated test validities. Specifically, when the information-processing dimension of the PAQ was used to moderate test validities, results produced positive correlations for cognitive abilities (i.e., general cognitive, verbal, and numerical) and negative correlations for psychomotor ability (i.e., finger and manual measures). In other words, validities for cognitive ability measures were higher for more cognitively demanding jobs, whereas validities for psychomotor measures were higher for less cognitively demanding jobs.
Using a different measure of complexity, Hunter (1983a) and Gandy (1986) were able to show that complexity moderates validity coefficients. The particular measure used by Hunter was a five-level scale derived from the Data and Things dimension of the DOT (cf. Fine, 1955) . In addition to examining job proficiency (i.e., supervisor ratings), Hunter was able to assess the moderating impact of job complexity on ability-training proficiency correlations. For training criteria, validities involving general cognitive ability (i.e., general cognitive, verbal, numerical) were not moderated by complexity, displaying high correlations for all levels of complexity. Psychomotor abilities, in contrast, were moderated by complexity, showing decreases in validities with increasing levels of job complexity.
In terms of job proficiency, Hunter (1983a) and Gandy (1986) both found a moderating effect for complexity on the ability-performance relationship. Complexity moderated the validities for both cognitive and psychomotor tests: For cognitive ability tests, validities increased with increases in complexity; for psychomotor tests, validities decreased with increases in complexity. The pattern of results observed for training and job proficiency are consistent with previous findings (e.g., Ghiselli, 1966 Ghiselli, ,1973 ) that there were differences in validities based on complexity and differential influences of abilities based on training versus job proficiency criteria.
Hypotheses
On the basis of Ackerman's (1988) theory, the following hypotheses are proposed.
Hypothesis 1: Rate of Learning
Both jobs with primarily consistent tasks and jobs with primarily inconsistent tasks will show the usual learning curve found in previous research. However, rate of learning will differ based upon the proportion of consistent/inconsistent tasks, with jobs containing primarily consistent tasks producing a curve with more rapid improvement that reaches asymptote sooner (see Figure 3 ).
Hypothesis 2: Variability in Performance
Because the performance data are supervisor ratings, it is difficult to make theoretical predictions based on previous work involving RT or output measures (cf. Ackerman, 1987) . However, research in industrial/organizational psychology does provide some insight into the impact of experience on variability in performance (McDaniel, 1986; Schmidt et al., 1988) . Although these researchers did not investigate variability in terms of standard deviation, they did look at variability in performance in much the same way as Thorndike (1908) , which was to divide groups according to general cognitive ability and observe whether performance ratings converged or diverged. However, unlike Thorndike (1908) , Schmidt et al. (1988) found that individual differences between ability groups remained constant for the first 5 years of experience. Schmidt et al. (1988) suggested that these results were due to the moderate complexity of the jobs observed and that for high complexity jobs differences between ability groups would diverge.
On the basis of the results of previous research (McDaniel, 1986; Schmidt et al., 1988) , it is proposed that trends in variability of performance across experience will differ on the basis of the proportion of consistent/inconsistent tasks within a job. Variability in performance for jobs with primarily consistent tasks will remain constant over time, whereas variability for inconsistent jobs will increase over time (see Figure 3 ).
Hypothesis 3: Ability-Performance Relationships Across Skill Acquisition
The relationship between abilities and performance appraisal ratings across skill acquisition will differ between jobs with primarily consistent tasks and jobs with primarily inconsistent tasks. For jobs with primarily consistent tasks, the pattern of associations will change in accordance with Ackerman's predictions (see Figure 1 ). For jobs with primarily inconsistent tasks, general cognitive ability will show the highest association with performance across all levels of experience, whereas perceptual speed and psychomotor ability will show small stable associations across experience (see Figure 2 ).
Method

Data Description
Data for the current study were taken from the GATE database compiled by the U.S. Employment Service during the 1970s (U.S. Department of Labor, 1980) . The database provides information on personal characteristics, abilities, jobs, and work performance for over 24,000 individuals. Jobs are classified according to their codes in the DOT (Fine, 1955; Studdiford, 1951; U.S. Department of Labor, 1977) . The database includes a wide range of jobs, such as professional-managerial, clerical, sales, and machine trades.
Measures
GATE tests and composites. The GATE consists of 11 tests that are reported to measure nine aptitudes (cf. Hartigan & Wigdor, 1989) : intelligence, verbal aptitude, numerical aptitude, spatial aptitude, form perception, clerical perception, motor coordination, finger dexterity, and manual dexterity.
Abilities and composites for the current study. Hunter (1983b) applied a confirmatory factor analysis to the GATB tests and discovered that three main factors emerged: Cognitive (GVN), Perceptual (SPQ), and Psychomotor (KFM). Additional literature in the area of skill acquisition seems to corroborate the use of Hunter's three construct taxonomy for measures (cf. Ackerman, 1988) . For example, in Ackerman's work, trends in ability performance relationships are examined with the same three primary ability measures: general cognitive ability, perceptual speed, and psychomotor ability. Therefore, Hunter's taxonomy of ability measures was used in the current research.
Because the cognitive ability measure in the current study is likely to be correlated with the perceptual speed and psychomotor ability measures, the variance attributable to cognitive ability (i.e., GVN) was partialled out of the perceptual speed measure and psychomotor ability measure. The partialling out of general cognitive ability should produce more accurate estimates of the latent variables, a concern that Ackerman (1988) addressed through the use of factor analytic techniques.
Job performance. The criterion used in the current study was performance ratings by supervisors. The actual measure was a composite of two performance ratings given 1 week apart by the same supervisor. The scales used varied along six dimensions (i.e., quantity, quality, accuracy, job knowledge, efficiency, and overall performance), with supervisors rating each employee on a 5-point scale. An examination of test-retest reliability for performance ratings in the GATE dataset has shown a reliability estimate of .86 (cf. Hartigan & Wigdor, 1989) . Although interrater reliabilities are not available for the current dataset, research has estimated the upper bound of interrater reliability for performance appraisal ratings to be around .60 (King, Hunter, & Schmidt, 1980; Rothstein, 1990; Viswesvaran, Ones, & Schmidt, 1995) .
Job consistency. Applied research in the area of industrial/organizational psychology has not produced a scale that directly addresses task consistency or resource dependence. Therefore, because applied research may have subsumed consistency under the rubric of task complexity, Hunter's (1983a) complexity scale was used to measure task consistency. This scale was derived from the Data and Things dimensions (Fine, 1955) provided in the DOT (U.S. Department of Labor, 1977) and is divided into five levels of job complexity, based on the information-processing requirements of each task (cf. Gandy, 1986) . However, because Gandy (1986) questioned the reliability of the Things dimension, only the Data dimension was used in the current study.
Using complexity ratings as a measure of consistency raises some concerns regarding the construct validity of the current study's consistency measures. First, it may be the case that very few jobs have a majority of consistent tasks. To compensate for this, an extreme groups design has been used with the complexity measure; the consistent group is comprised of jobs with a DOT data rating of 6 and the inconsistent group is comprised of a combination of jobs with DOT data ratings of 1 and 2.
The second issue involved in using complexity as a measure of consistency is whether the complexity measure is actually assessing the consistency of jobs (e.g., construct validity). To provide additional supporting evidence, a second measure of consistency, Tolerance for Repetition (U.S. Department of Labor, 1980), was also used to conduct the analyses. The rating of tolerance is a dichotomous item that estimates the level of tolerance for repetition an employee must have to adequately perform a particular job.
Job experience. Because it is likely that individuals acquire job knowledge and skills across organizations, the pattern of skill acquisition, described by Ackerman (1988) , is likely to emerge across organizations as well. Therefore, the current research used the measure of total job experience. Total job experience was assessed with an item that had workers indicate their experience with their current occupation (i.e., months and years) with both present and previous employers.
Analyses
The analyses focused on comparing trends in the data (i.e., mean performance ratings, standard deviation of performance ratings, and ability-performance correlations) against those predicted by Ackerman 's (1988) research. Because of the constant reduction in sample sizes across levels of experience could produce unwanted variability in correlations, experience levels were determined as follows: Years 1-5 were divided into 6-month intervals, and Years 5-10 were divided into 12-month intervals. This resulted in 15 experience groups. The specific analyses conducted for each of the hypotheses are described below.
Testing Hypotheses 1 and 2: Learning curves. This analysis involved the examination of curves formed by plotting mean performance rating and standard deviation of performance across experience. The analysis began by dividing each of the 15 experience groups by consistency, using both the complexity and tolerance for repetition measures. For each of the 15 consistency subgroups, a mean and standard deviation of performance ratings was generated. Next, the trends in means and standard deviations were plotted using the regression line that best fit the data. This procedure involved regressing the observed dependent variables (i.e., means and standard deviations) onto two independent variables (i.e., experience and experience squared), calculating an estimate of the least squares regression line, calculating a predicted value for each experience group, and then plotting the predicted values. Finally, the generated plots were visually compared against the trends predicted in the hypotheses.
Testing Hypothesis 3: Trends in correlations across experience. This analysis involved the examination of curves formed by plotting abilityperformance correlations across experience. The analysis began by dividing each of the 15 experience groups by consistency, using both the complexity and tolerance for repetition measures. For each of the 15 consistency subgroups, three correlations were calculated: general cognitive-performance rating, perceptual speed-performance rating, and psychomotor ability-performance rating.
Correlations for each of the experience groups were corrected for both range restriction and criterion unreliability. Range restriction was corrected using the formula recommended by Hunter et al. (1982) . This correction first requires the calculation of restricted and unrestricted standard deviations for each of the subtests, as well as the intercorrelation between the subtests for each composite measure. Next, the restricted and unrestricted standard deviations for the subtests, as well as their intercorrelations, were used to calculate the restricted and unrestricted standard deviations for the composite measures, as recommended by McNemar (1962) . Finally, the restricted and unrestricted values were used to correct the correlations for range restriction using the formula specified by Hunter et al. (1982) .
Once the correlations were corrected for range restriction, a correction was made for average criterion unreliability (Hunter et al., 1982) . This involved multiplying each correlation by the inverse of the square root of the average criterion unreliability. In this case, average criterion unreliability was estimated at .60, as recommended by Pearlman et al. (1980) . After the correlations were corrected, the trends in the ability-performance correlations were plotted using the regression line that best fit the data. As with the testing of Hypotheses 1 and 2, this procedure involved regressing the observed dependent variables (i.e., ability-performance correlations) onto two independent variables (i.e., experience and experience squared), calculating an estimate of the least squares regression line, calculating a predicted value for each experience group, and then plotting the predicted values. Finally, the generated plots were visually compared against the trends predicted in the hypotheses.
Results
Descriptive statistics for the major variables in the current study are reported in Table 1 . An examination of means, ranges, and standard deviations showed that values were in expected ranges. The three composite ability measures showed the typical positive manifold for the nonresidualized sample. The residualized sample, in contrast, showed no correlation between the residualized variables and general cognitive ability, as expected. However, the residualized perceptual speed and psychomotor measures were still moderately correlated. Without exception, all ability composites 
Learning Curves
Mean performance. Mean performance ratings, for the analysis using complexity as consistency, are reported in Table 2 . A graph of the regression lines are displayed in Figure 4 . The curves produced by both the consistent and inconsistent jobs showed that mean performance ratings increase with experience. However, only the consistent sample produced a negatively accelerated curve, as predicted by the hypotheses. A comparison of the curves showed that mean performance for consistent jobs increased more rapidly and reached asymptote sooner, in comparison to the inconsistent sample.
Mean performance ratings, for the analysis involving tolerance for repetition, are reported in Table 3 . A graph of the regression lines are displayed in Figure 5 . Both curves show a negatively accelerated, monotonically increasing function. In addition, the curve produced by the consistent jobs increased more rapidly and reached asymptote sooner, in comparison to the curve produced by the mean performance ratings for inconsistent jobs.
A comparison of results, produced by the two different consistency measures, indicated that when jobs are separated according to task consistency differences in learning curves emerge: Learning curves for the consistent sample increased more rapidly and reached asymptote sooner in comparison to the curves produced by the inconsistent sample of jobs.
Standard deviation of performance. Standard deviation of performance ratings for the analysis using complexity as consistency are reported in Table 2 . Figure 6 displays the graphs of the regression lines that provided the best fit to the data. The curve produced by the consistent sample shows a slight increase in variability over experience. The curve produced by the inconsistent jobs, in contrast, produced a quadratic function with values initially decreasing and then increasing across experience. A comparison of the two curves shows that separating the jobs into consistency groups results in different trends in variability across experience.
For the inconsistent sample, standard deviation of performance ratings are reported in Table 3 . Figure 7 displays plots of the regression lines that provided the best fit to the data. For the consistent sample, the shape of the curve is flat, with a slight decrease from 55-120 months. The curve produced by the inconsistent sample shows a slight quadratic function, initially decreasing with experience and then increasing.
Results of the analyses involving trends in variability across experience showed that when jobs are separated according to consistency, different functions tend to emerge. Specifically, consistent jobs produce monotonically decreasing and negatively accelerating functions, whereas inconsistent jobs show a quadratic function, initially increasing and then decreasing.
Ability Performance Correlations
Correlations. Tables 4 and 5 show the ability-performance correlations for the analysis that used complexity as the measure of consistency. For the most part, correlations were positive, the exception being a few negative correlations produced in the inconsistent sample of jobs by perceptual speed and psychomotor ability. Months of Experience Results involving the use of tolerance for repetition as consistency mirrored those that used complexity (Tables 6 and 7) . In general, all correlations were positive; the exception was a few negative correlations in the inconsistent sample involving perceptual speed and psychomotor ability.
Trends in Ability-Performance Correlations
Consistent jobs. Figure 8 shows the plots of the regression lines that best fit the sample of ability-performance correlations in the sample of consistent jobs, as measured by complexity. All trends show increasing functions across experience. General cognitive ability remained the strongest predictor across all levels of experience. Psychomotor ability was the second-best predictor across experience, the exception being the last two experience groups where perceptual speed became the secondbest predictor.
An examination of the correlations in Tables 4 and 5 suggested that the trends in ability-performance correlations may have been adversely influenced by the group involving 109-120 months of experience. Correlations defined in this group are more likely than those in most other groups to be adversely affected by sampling error due to the small sample size. Therefore, an additional analysis was conducted excluding the group having 109-120 months of experience. The resulting plots are shown in Figure 9 . As can be seen, removal of the outlier had a definite impact on the trends. General cognitive ability now produces an inverse U function, with values decreasing in the later experience groups. Perceptual speed and psychomotor ability show positively accelerating functions. In contrast to the first analysis, general cognitive ability is only the strongest predictor for groups having between 1 and 84 months of experience, after which psychomotor ability becomes the strongest predictor. When experience reaches 85-96 months, perceptual speed surpasses general cognitive ability to become the second strongest predictor. Psychomotor remains a stronger predictor of performance than perceptual speed across all levels of experience.
Trends in ability-performance correlations for consistent jobs, as measured by tolerance for repetition, are displayed in Figure 10 . The plot for the general cognitive ability-performance correlations shows a steady decrease across experience. In sum, these results demonstrate that for consistent jobs the ability measure that best predicts performance changes across experience.
Inconsistent jobs. Figure 11 . shows the regression lines that best fit the sample of ability-performance correlations in the inconsistent sample, as measured by complexity. The plot involving general cognitive ability shows a linear increase across experience. The plots involving perceptual speed and psychomotor ability show U functions. With the exception of the first two experience groups, general cognitive ability remained the strongest predictor across all levels of experience. The predictive power of perceptual speed, in relation to psychomotor ability, tended to vary across experience.
For the sample of inconsistent jobs, as measured by tolerance for repetition, plots for the regression lines that best fit the data are displayed in Figure 12 . Both general cognitive ability and percep- tual speed produced U functions, whereas psychomotor produced an increasing linear function. General cognitive ability remained the strongest predictor across all levels of experience. Psychomotor ability was the second strongest predictor, for the most part, the exception being the initial and final levels of experience.
In sum, the sample of inconsistent jobs showed that general cognitive ability is consistently the strongest predictor of performance ratings, with its predictive ability increasing across time. The relative predictive ability of perceptual speed and psychomotor ability tended to vary across experience.
Comparing trends for consistent and inconsistent jobs, A comparison of graphs, produced by the regression lines that best fit the trends in ability performance correlations, showed that dividing jobs according to consistency produced differences in trends. These differences in trends emerged when consistency was measured by complexity (see Figure 9 vs. Figure 10) as well as when consistency was measured by tolerance for repetition (see Figure 11 vs. Figure 12 ). An examination of the predictive strength of general cognitive ability shows that in the consistent sample the predictive strength tends to decrease with experience. For the inconsistent sample, in contrast, the tendency is for general cognitive ability to increase in predictive strength across experience.
A comparison of the relative position of curves, par- ticular those involving general cognitive ability and psychomotor ability, showed that dividing the sample of jobs by consistency influenced which ability would predict best across experience. In the consistent sample, general cognitive ability was the strongest predictor initially but was later overtaken by psychomotor ability and perceptual speed. In contrast, the inconsistent sample produced plots that showed general cognitive to be the strongest predictor across all levels of experience.
Discussion
Previous research has examined the ability of Ackerman's (1988) 12  18  24  30  36  42  48  54  60  72  84  108 120 Months of Experience Months of Experience performance within laboratory settings. The current research tested several of the major tenets of Ackerman' s theory within an applied setting using the GATE database. Results demonstrated that learning curves and trends in validity coefficients differ with experience when the sample was divided according to job consistency, as predicted by Ackerman's model. The following section will discuss the major findings of the current research. First, results will be discussed as they apply to 6  12  18  24  30  36  42  48  54  60  72  84  96  108 120 Months of Experience each hypothesis with attention being paid to how current findings relate to previous research. Next, implications for theoretical development will be addressed. Finally, limitations of the current study, as well as future directions for applied research, will be discussed.
Discussion of Hypotheses
Although the nature of the GATE data did not allow a definitive test of Ackerman's (1988) model, tests were conducted for the following: differences in the shape of learn- 6  12  18  24  30  36  42  48  54  60  72  84  96  108 120 Months of Experience ing curves when jobs are divided according to job consistency, differences in the relationship between variability in performance and experience for consistent and inconsistent jobs, and differences in trends in ability-performance correlations across experience for consistent and inconsistent jobs. The results of each of these hypotheses will be discussed in turn. Learning curves. Previous applied research has demonstrated that learning curves for jobs are monotonically increasing and negatively accelerated (Blankenship & Taylor, 1938; Ghiselli & Brown, 1947; Taylor & Smith, 1956 ). However, the shapes of these curves occurred over a period of months. The results of the current research have shown that learning curves can occur over a 10-year period. This extended period of learning corroborated previous theory and research in expertise (e.g., Simon & Chase, 1973) and the industrial/organizational psychology literature (e.g., McDaniel, 1986; McDaniel et al., 1988; Schmidt et al., 1988) . It would appear that learning in organizations occurs beyond initial training with continued learning on-the-job over a period of years.
The finding that both consistent and inconsistent jobs show monotonically increasing and negatively accelerated curves does contrast with the work of Avolio et al. (1990) , which found that low complexity clerical jobs show an inverse U-shaped curve. This difference might be due to Avolio et al.'s (1990) use of Gottfredson's (1986) occupational taxonomy to classify jobs into five categories, as opposed to the current research that used an extreme groups design with the complexity measure and two groups with the tolerance for repetition measure to assign jobs to consistency groups. It is possible that the occupational taxonomy and consistency measures are assessing different constructs.
A comparison of learning curves demonstrated that due to the difference in cognitive demands shapes of learning curves differ in a predictable fashion when the jobs are divided according to consistency. It would appear that the sustained reliance on general cognitive ability, in inconsistent jobs, results in longer periods of time to obtain proficiency.
Variability in performance. The current research examined changes in performance variability within an applied setting using the standard deviation of performance as the measure of variability, as recommended by Anastasi (1934) . Support for the hypothesis was mixed. As predicted, variability in performance remained stable across time for consistent jobs. Contrary to predictions, performance variability for inconsistent jobs showed a relatively flat curve or an inverse U function.
A number of explanations could account for the mixed findings. One potential problem with the sample involves the effects of selection and attrition, issues inherent in cross-sectional experimental designs. It is possible that in the inconsistent sample variability actually increased. However, due to attrition at the extreme ends of the distribution, due to occurrences such as promotions and firings, the actual trends in variability may have been obscured.
In addition to sample problems, the nature of the performance criteria (i.e., supervisor ratings) may have affected the results. Although the standard deviation of performance was used, as recommended by Anastasi (1934) , the use of supervisor ratings may have produced results different from those involving attainment measures (Anastasi, 1934) or RT measures (Ackerman, 1987) . Rating bias, then, could have produced the unexpected findings involving trends in performance variability.
Trends in ability-performance correlations. Building on previous research that assessed changes in ability-performance correlations within applied settings (e-.g., Bass, 1962; Ghiselli, 1973) , the present findings produced modest support for the assertions made by Ackerman (1988) . When jobs were divided according to consistency, patterns emerged in the data that supported the trends in validity coefficients proposed by Ackerman's (1988) model, particularly those trends involving general cognitive and psychomotor ability. In this section, findings concerning trends in ability-performance correlations over experience will be discussed.
For the sample of consistent jobs, general cognitive ability was the strongest predictor initially but declined over the course of experience, giving way to psychomotor ability as the strongest predictor. This shift in relative predictive strength occurred due to the shift in cognitive abilities that underlies skill acquisition in consistent jobs. Initially, general cognitive and broad content abilities are important in skill acquisition in that they are important in learning rules of a job, the job elements, and routines. However, once the routines become automatic, there is less of a demand on higher cognitive resources. Consequently, psychomotor ability becomes important.
In contrast to jobs with primarily consistent tasks, jobs with primarily inconsistent components showed a different pattern of correlations across experience. General cognitive ability was consistently the strongest predictor of performance relative to perceptual speed and psychomotor ability. This occurred because the jobs in the inconsistent sample do not allow for automaticity, thereby they continually demand higher cognitive resources.
Although the findings involving the differences in trends in correlations for general cognitive ability and psychomotor ability were compelling, the comparison of trends for perceptual speed did not support the hypothesis that during the knowledge compilation phase of skill acquisition perceptual speed would be the most important ability underlying performance. It may be that the way in which the current study assessed perceptual speed was inadequate (e.g., paper and pencil). In Ackerman's (1988) work, perceptual speed was measured via computer.
Implications for Theory
Although results were mixed, findings regarding the nature of learning within an applied setting suggest several implications for theory in the areas of learning, expertise, and skill acquisition. The relation between the current study's findings and each of these theoretical areas is presented in this section.
Learning in organizations.
Previous applied research has demonstrated that learning can occur on the job for a number of months (e.g., Ghiselli & Brown, 1947) and even years (e.g., McDaniel, 1986; McDaniel et al., 1988; Schmidt et al., 1988) . The present study corroborates these findings by showing that learning can occur for a period of 10 years, a finding that supports theory and research in expertise (Ericsson, Krampe, & Tesch-Romer, 1993; Simon & Chase, 1973) . These findings suggest that learning extends far beyond initial socialization and training and well into the career of the individual.
If skill acquisition on a job can extend over a period of years, and perhaps throughout the career of the worker, it behooves organizations to view their employees as having the capability to continuously learn. Such a perspective would suggest that, in addition to recognizing the impact of abilities on job performance, a focus on work as being extended deliberate practice may prove beneficial in improving performance levels over time. Consequently, variables such as motivation and personality become increasingly important in ensuring extended effort on the part of the employee (cf. Ericsson et al., 1993) . The role of the manager, then, could be seen as a coach who monitors performance, provides developmental feedback, and maintains the employees' motivation to learn.
Although the current research did not examine the impact that new technology could have on learning, it is possible that rapidly changing technology could influence learning curves across an individual's career. As noted by Murphy (1989) , during periods of technological change, increased demands are placed on the employees to learn novel information. During such periods, demands on employees' mental abilities, as well as perception of their ability to learn (cf. Dweck, 1986) , are likely to influence the extent to which they adapt to the new technology. During such transitional phases, optimal learning could be achieved if managers and trainers clarify instructional objectives and increase attempts to maintain employees' motivation.
Ackerman 's model. Although the current study did not provide a definitive test of Ackerman's (1988) model, it did show that important constructs in the model could be defined and assessed within a field setting. Based upon the current studies findings, several conclusions can be drawn regarding the relative accuracy and utility of Ackerman's model of skill acquisition, as opposed to other models that attempt to explain changes in ability performance correlations over time (e.g., Hulin et al., 1990) .
The theoretical work of Hulin and colleagues (e.g., Hulin et al., 1990) has argued that, due to the use of specific abilities in a job, ability scores will increase across the course of skill acquisition. However, the current study demonstrated that abilities tend to decrease across experience (see Table 1 ). It is possible that motivational effects, as well as selection (i.e., promotion of higher scoring individuals), might have produced the current results. However, due to the nature of the data, it was not possible to test for the effects of motivation or selection.
Hulin and colleagues also asserted that the relationship between ability and performance will decrease across time (cf. Hulin et al., 1990) due to the impact of increases in ability levels. A visual inspection of the ability-performance correlation trends shows that the opposite is more likely: Trends in ability-performance correlations actually appear to increase over experience.
Limitations
An examination of the current research reveals a number of limitations regarding the experimental design, measures, and theoretical perspective. To begin, the current study was conducted in a field setting using a cross-sectional design. As noted by Schaie (1977) , a serious problem with cross-sectional designs is that one must assume that the cohorts are equivalent, a position Schaie regarded as untenable. Furthermore, statistical control of cohort differences is difficult and should involve a theoretical basis (Schaie, 1977) . The fact that correlations between all three of the ability composites and experience were negative (see Table 1 ) suggests that cohorts were not equivalent, with later groups having lower levels of the abilities than earlier groups.
The way in which the current study defined experience and constructed experience cohorts may have also impacted the results. The only available measure of experience on a task was an estimation, by employees, of how long they had been in a particular profession. It is likely that skills used in another profession may also be used in the current job. In regard to the construction of experience cohort, we collapsed several jobs across several organizations to achieve reasonable sample sizes across groups. Although jobs were classified according to consistency, it is unclear if dissimilarities in jobs may have added error variance. Although an examination of a few select jobs across experience might have controlled this problem, the restriction of the sample to a few jobs would not have produced large enough cohorts for the current analyses.
A second limitation of the current research involves the use of supervisor ratings as the measure of performance. Ackerman's laboratory work (e.g., Kanfer & Ackerman, 1989) involved quantifiable measures of performance that could be assessed automatically by computer (i.e., landings on the TRACON task), thereby minimizing the impact that perceptual bias could have on performance measures. The use of supervisor ratings in the current study allowed for the possibility of rater bias in performance ratings. For example, because experience is highly correlated with age, raters may have partially based their ratings on the age of the individual and not on their actual performance.
The use of supervisor ratings as the performance measure may have been problematic from a methodological perspective. Because multiple supervisors were used, it is not likely that the data were recorded the same way across each job. Although the same performance appraisal rating form was used for all sample members, it is likely that the actual administration and recording of the supervisor ratings varied somewhat across raters.
In addition to the criteria (i.e., performance measure), some concerns need to be raised with respect to the predictors used in the current study (i.e., ability composites). Because of the high correlations between ability composites, the effects of general cognitive ability were partialled out of the correlations involving perceptual speed and psychomotor ability. Although this procedure succeeded in eliminating the relationship between general cognitive and the two residualized variables, it is unclear what impact this procedure may have had on test validity. For example, the weak results in relation to perceptual speed may be attributable to the fact that true variance was eliminated in the partial correlations.
The use of the psychomotor tests in the GATE also raised some concerns. None of the psychomotor measures in the current study used the RT methodology that was used in Ackerman's work. In addition, because there are Likely to be a number of motor skills involved in the execution of skilled behavior in the current sample of jobs, the psychomotor ability measures used in the current study may not have been adequate. The current measures only assessed psychomotor behavior involving finger tapping and hand-eye coordination, so they were unable to assess other motor skills or integration of different motor skills.
A final consideration involves the theoretical model for the current research. As noted by Ackerman (1987) , model underspecification can result in anomalous results. For example, the current research focused on the role of abilities in skill acquisition across experience. However, due to the length of time required to learn within an organization, it is likely that motivational and personality variables will affect the extent to which a person improves performance. However, the current research was unable to assess either motivational or personality variables.
Future Directions
The present research has highlighted several potential areas of focus for future theory and applied research. It is suggested that future research in skill acquisition might focus on methodological issues (e.g., experimental design) and the integration of theoretical models.
Future studies could benefit by using designs, other than the cross-sectional approach used in the current study, that could reduce some of the concerns raised by the current research. For example, attempts to examine skill acquisition across time could involve the use of longitudinal designs. Longitudinal designs are not without their own set of concerns, not the least of which is that they might outlive the investigator (Schaie & Gribbon, 1975) , therefore designs such as the cohort sequential might prove useful (Schaie & Hertzog, 1982) .
Another methodological issue concerns the use of ability and performance measures in skill acquisition research. In terms of ability measures, future applied research would benefit from the use of generally accepted measures of the various constructs as well as the use of multiple measures. The use of widely accepted research measures (e.g., Raven's Progressive Matrices) would allow for better comparison across various experiments. The use of multiple measures is sensible for a number of reasons. For example, there are likely to be a number of motor systems, so several psychomotor tests could be used. Furthermore, the use of multiple tests would allow the use of factor analytic techniques such as those used in Ackerman's work (cf. Ackerman, 1986) .
The use of multiple measures of job performance would also be of benefit to future research. As noted previously, the reliance of the current study's findings on performance ratings raises issues concerning rater bias. The use of multiple performance measures would allow the use of more objective criteria such as attainment and RT measures, which could be assessed via computer. In addition to reducing rater bias, the use of attainment criteria would have the' advantage of providing a metric through which previous findings in performance variability could be compared.
A final consideration for future research concerns the integration of Ackerman's (1988) work with other theoretical work in expertise and social learning. For example, Ericsson et al. (1993) have proposed that because expertise is acquired over extended periods involving focused practice, motivation and personality variables will likely be of greater importance than more primary abilities (e.g., general cognitive). Because Ackerman's work is expanding to include personality and motivational variables (e.g., Ackerman, Kanfer, & Goff, 1995) , these constructs will likely provide points of comparison and integration of theory.
In addition to motivational and personality constructs, Ackerman 's (1988) work and the expertise literature may serve as compliments in a broader view of learning. Ackerman's work provides a foundation of cognitive abilities that differentially impact performance across skill acquisition. Expertise research provides a view of higher cognitive processing (e.g., knowledge structure and strategy) that is likely to be acquired and influenced by more basic cognitive abilities. Future theory and research could focus on the investigation of the interrelationship between cognitive abilities, higher cognitive structures, personality, and motivational variables. Such investigations would enable comparisons between, for example, the role that primary abilities play in acquiring expertise and the role of personality and motivational variables (cf. Ericsson et al., 1993) .
Social learning theory (cf. Bandura, 1986 ) is a second theoretical perspective that could be incorporated into a broader framework of skill acquisition. By taking into account situational influences that are social in nature (e.g., culture, mentoring), one can view the influences of more primary abilities within a larger context. Work in expertise has already suggested that competent coaching is necessary in acquiring proficiency (cf. Ericsson et al., 1993; Ericsson & Smith, 1991) . However, both Ackerman's work and the expertise literature have both focused on individual variables (i.e., cognitive processing) and could benefit by considering the role that social interaction plays in impacting the quality of instruction and individual motivation to continue learning on the job.
By providing a context that takes into account social influences, future theory can attempt to account for problems that may have impacted the current research. For example, because performance occurs within the social and political context of an organization, models incorporating social influences can define influences, such as personal attraction, that could result in rater bias. Furthermore, cultural influences, such as performance norms, might also have an impact if higher ability workers are encouraged to conform to lower performance standards. In short, the consideration of these social influences could add explanatory power beyond the individual variables of abilities, motivation, and personality.
